Abstract Appropriate animal models are critical to conduct translational studies of human disorders without variables that can confound clinical studies. Such analytic methods as patch-clamp electrophysiological and voltammetric recordings of neurons in brain slices require living brain tissue. In order to obtain viable tissue from nonhuman primate brains, tissue collection methods must be designed to preserve cardiovascular and respiratory functions for as long as possible. This paper describes a method of necropsy that has been used in three species of monkeys that satisfies this requirement. At necropsy, animals were maintained under a deep surgical plane of anesthesia while a craniotomy was conducted to expose the brain. Following the craniotomy, animals were perfused with ice-cold, oxygenated artificial cerebrospinal fluid to displace blood and to reduce the temperature of the entire brain. The brain was removed within minutes of death and specific brain regions were immediately dissected for subsequent in vitro electrophysiology or voltammetry experiments. This necropsy method also provided for the collection of tissue blocks containing all brain regions that were immediately frozen and stored for subsequent genomic, proteomic, autoradiographic and histological studies. An added benefit from the design of this necropsy method is that all major peripheral tissues were also collected and are now being utilized in a wide range of genomic, biochemical and histological assays. This necropsy method has resulted in the establishment and growth of a nonhuman primate alcohol tissue bank designed to distribute central nervous system and peripheral tissues to the larger scientific community.
Introduction
Nonhuman primates (NHPs) provide unique research models to study complex behavioral issues. NHPs are phylogenetically close to humans and also have extensive capacities for complex social and cognitive behavior. Their relatively long lifespan, extended infancy, and social cognition parallel many aspects of human development and the physiological, behavioral, and neuroanatomical similarities to humans facilitate translation of findings in these animal models to a variety of human conditions (Grant and Bennett 2003; Shively and Clarkson 2009) . The cynomolgus (Macaca fascicularis) and rhesus (Macaca mulatta) macaque have been widely used as research models to examine multiple pathological conditions in humans. The African green vervet monkey (Chlorocebus aethiops) is an intermediate size NHP that physiologically and genetically resembles other old world monkeys (Disotell 2000) and is currently gaining more focus as a translational research resource. Animal models provide an alternative to address or overcome limitations inherent with clinical research. In addition, behavioral, pharmacological, and neurobiological variables that mediate drug intake can be identified in an animal model with a greater degree of confidence that the consequences are attributable to the treatment in question rather than to comorbid conditions that can often confound clinical studies. These variables can be tightly managed in animal studies in ways that are not possible clinically. We have developed a standardized necropsy protocol for central nervous system (CNS) and peripheral tissue collection that has optimized the use of these valuable resources by the broader scientific community.
Histological, genomic and proteomic assays of brain regions typically utilize tissue that is freshly obtained and then flash frozen or prepared with a fixative. In vitro electrophysiology and voltammetry slice technologies applied to brain tissue, however, require living tissue in order to record physiological responses. Many of these studies have been conducted in rodent brains, which can be quickly removed from the skull and are small enough to chill fairly readily when bathed in cold buffer solutions. Similarly, clinical studies utilize tissues obtained during biopsy that are typically small enough to rapidly reduce temperature of the tissue block. The typical method of preparing tissues for recording studies in non-human primates involves a similar approach of applying cold buffer to brain regions prior to removal from the skull and then submerging the tissue block into the same cold buffer (González-Burgos et al. 2000; Altemus et al. 2005; Povysheva et al. 2006) . The initial impetus for developing the current necropsy method was to harvest viable CNS tissue for electrophysiology and voltammetry studies in the brains of nonhuman primates that were subjects in long-term ethanol selfadministration studies in order to determine the impact of chronic ethanol consumption on brain function. The present report describes a method for perfusing the entire NHP brain with cold artificial cerebral spinal fluid (ACSF), which results in the displacement of blood and other potential ischemic components while at the same time reducing the internal temperature of the entire brain from ''inside-out''. This method allows for the global harvesting of brain regions in addition to the collection and banking of multiple peripheral tissues for subsequent histological, genomic, proteomic and biochemical assays. This approach provides for better use of multiple CNS and peripheral tissues to address specific questions from multiple avenues of research, thus providing a clearer picture of the physiological changes that occur following chronic ethanol exposure.
Methods

Subjects
The animals used to develop this method were cynomolgus macaques (Macaca fascicularis) that were subjects in long-term ethanol self-administration protocols using a well characterized drinking paradigm designed to elicit patterns and intake of ethanol that parallel those observed in human alcoholics. The details of the ethanol self-administration procedures are described in previous reports (Vivian et al. 2001; Grant et al. 2008 ). This experimental design elicits ethanol consumption that is normally distributed such that some animals consume low amounts of ethanol (*0.5-1.0 g/kg or the equivalent of 2-4 drinks/day) while other animals are on the opposite end of the spectrum, drinking upwards of 3.0-4.0 g/kg (12-16 drinks/day) as described previously (Vivian et al. 2001; Grant et al. 2008) . All procedures were approved by the Institutional Animal Care and Use Committee at Wake Forest University Health Sciences. All experiments conformed to the National Institute of Health Guide for the Care and Use of Laboratory Animals in research .
Craniotomy
Pre-mortem structural MRIs were used to guide the brain dissection in order to localize the precise location of discrete brain regions as previously described ). Prior to necropsy, coordinates for specific brain regions were identified for placement of the brain knives so that the brain would be blocked at targeted locations. At necropsy, each animal was sedated with ketamine (15 mg/kg i.m.) and transported to the necropsy suite. The monkey was placed on its abdomen and brought to a deep surgical plane of anesthesia with intravenous sodium pentobarbital administered to effect (30-50 mg/kg, i.v.) via an angiocatheter that was placed in the saphenous vein. Indicators that the plane of anesthesia was adequate to proceed with the procedure included deep steady respirations, a lack of corneal and palpebral reflexes, and the absence of deep pain withdrawal reflexes. At that point, the scalp was incised longitudinally in a rostral to caudal direction along the sagittal suture beginning at the bregma cranial suture and extending caudally beyond the foramen magnum to approximately the 3rd cervical vertebrae. A second incision was made in the lateral to medial direction along the coronal suture, perpendicular to the initial incision. The temporal, frontal and occipital muscles were reflected bilaterally and the skull was exposed by blunt dissection. The occipital muscle at the back of the skull was carefully reflected beyond the occipital ridge. Once the muscle and fascia were reflected, a 1 00 25 g needle was inserted through the foramen magnum into the cisterna magna and approximately 1-2 cc of CSF was collected, placed in a microfuge tube and immediately placed on dry ice. The top of the skull was cleaned and dried with 70 % ethanol and gauze pads. Using a cordless drill and skull bit, a small circle (0.5 cm 2 ) of bone was excised from the right parietal bone with great care taken not to disturb the dura mater. A squeeze bottle filled with saline was used to reduce aerosolization of bone dust during the craniotomy. The piece of bone was removed using small tipped forceps. Small tipped rongeurs were then introduced into the newly made craniotomy and the process of bone removal was started. Using the rongeurs, the skull was chipped away in small pieces so as not to fracture large sections of skull or pierce the dura mater. The bone was removed in a ventro-lateral direction to approximately the squamosal suture, and caudally to the occipital ridge. A periosteal elevator was utilized frequently to separate dural adhesions from the calvaria. The process of bone removal continued in a rostral direction along the greater wings of the sphenoid bone, across the midline taking care to not disturb the sagittal sinus. The process of bone removal was repeated on the contralateral side in a rostral to caudal direction to the occipital ridge. The area of bone between the occipital ridge and foramen magnum was left intact until immediately following the perfusion. The calvaria were carefully removed exposing the dura, and the brain was gently covered with saline-soaked gauze.
Transcardial perfusion
The monkey was turned over and placed in a supine position with the head and exposed brain resting on saline-soaked gauze. An incision was made between the clavicles extending to the lower pelvic region. A thoracotomy was conducted and multiple blood samples were immediately collected from the inferior vena cava. It should be noted that additional blood samples were collected at an earlier time during the week preceding the scheduled necropsy in order to reduce the volume that was collected the day of the procedure to avoid hypovolemia. The diaphragm was then opened to expose the heart. The descending aorta was clamped in the lower thorax to ensure adequate perfusion of the brain. The pericardium was opened and the right atrium was cut to decrease the blood pressure. The apex of the left ventricle was excised and a large bore cannula was introduced into the left ventricle, placed into the ascending aorta and clamped in place. Each animal was perfused for approximately 1.5 min with ice-cold ACSF buffer containing (in mM): 124 NaCl, 5 KCl, 2 MgSO 4 , 2 CaCl 2 , 23 NaHCO 3 , 3 NaH 2 PO 4 , 10 glucose (pH 7.4, osmolarity 290-300 mOsm) oxygenated with 95 % O 2 :5 % CO 2 . The ACSF was perfused via gravity as well as by cardiovascular function since the heart was still actively beating at the beginning of the procedure. The use of a large bore cannula for the perfusion allowed the brain to be perfused with approximately 1-2L of cold ACSF. While the perfusion was ongoing, additional tissues, including liver and lung were collected. Immediately following the perfusion, the heart was quickly removed and together with the excised tip of the left ventricle was provided to a collaborator to investigate alcohol-induce cardiomyopathy (Cheng et al. 2004 (Cheng et al. , 2010 .
Brain extraction and micro-dissection
The animal was immediately turned over onto its abdomen and the remaining occipital bone was removed. Using small tipped forceps and curved scissors, the dura mater was cut at the posterior-most extent of the occipital lobes and along the midsagittal line and the falx cerebri was removed. The tentorium cerebelli was also removed. The cervical spinal cord was excised at the level of approximately C2-C3 and the flat end of the scalpel handle was used to blunt dissect the cranial nerves. The brain was then removed from the skull in a caudal to rostral direction.
The brain was immediately placed in an acrylic brain mold on ice and quickly rinsed with cold ACSF. Two brain blocking procedures were implemented, depending on the needs of the investigators conducting electrophysiology and voltammetry assays. Initial recording assays required blocks of tissue containing hippocampus and amygdala as well as caudate/putamen and lateral geniculate nucleus. For these studies, the brain was blocked in the coronal plane at three levels. The first cut was made through the rostral-most pole of the temporal lobe. The second cut was performed approximately 6-8 mm caudal to the first cut at the level of the rostral hippocampus. The third cut was at the caudal pole of the thalamus. The brain was removed from the mold and was hemisected to separate the hemispheres. At this point the hippocampus, amygdala and lateral geniculate nuclei were dissected and immediately placed into the same cold, oxygenated ACSF for in vitro electrophysiological recording in brain slices. The striatum (caudate, putamen and nucleus accumbens) was micro-dissected for in vitro voltammetry studies. The remainder of the hemisphere was dissected into an array of cortical fields and subcortical nuclei comprised of 30-35 brain structures that were immediately frozen and banked for future use (Table 1) . Concurrent with the microdissection procedures, the brain blocks from the contralateral hemisphere were flash frozen in isopentane cooled to -35°C on dry ice and stored at -80°C. Removal and blocking of the brain occurred in 2-3 min. Total elapsed time from the beginning of the perfusion of the brain to removal, blocking and micro-dissection approximately 5 min, resulting in a very short post-mortem interval.
An alternate strategy for brain sectioning was also developed in response to needs of investigators conducting electrophysiology or voltammetry. For these requests, the frontal block was removed by placing the first cut at the anterior tips of the temporal poles. The frontal block was then microdissected into 10-12 frontal cortical fields ( Table 1 ) that were individually stored in microfuge tubes at -80°C immediately after microdissection. The remainder of the brain was then cut into 4 mm slabs and placed onto aluminum plates (Fig. 1 ). The brain slabs were then digitally archived and the aluminum plates were placed onto dry ice in order to flash freeze the tissues. Each brain slab was placed into individual small zippered bags, boxed together and stored at -80°C (Fig. 2) . This strategy allows us to readily identify banked tissues and easily retrieve specific blocks of tissue for future requests. Figure 3 illustrates the strategy for dissecting discrete brain regions. This image demonstrates that specific brain regions such as the caudate nucleus (Cau), putamen (Put) and hippocampus (Hpc) can be dissected either at the time of the necropsy procedure or after the brain slab is banked at -80°C. Figure 4 illustrates the caudate nucleus and putamen (outlined in black) at the level of the crossing of the anterior commissure in a frozen brain slab (Fig 4a) . Figure 4b demonstrates that the putamen has been dissected from this frozen block. Using this strategy as opposed to the initial strategy of microdissecting brain regions at the time of the necropsy allows the capability of obtaining virtually any brain region that is requested following the necropsy. Peripheral tissues were also collected during this procedure. During the perfusion, samples of liver and upper lung were harvested from the thorax, and quadriceps muscle was also excised in this time period. At the start of the transcardial perfusion stage, the apex of the left ventricle was excised to allow placement of the perfusion cannula. The excised apex was immediately provided to an investigator conducting cardiomyocyte function studies (Cheng et al. 2004) . The heart was collected immediately following the perfusion and just before the animal was turned Fig. 1 Frontal block is removed and microdissected into multiple regions of interest. The remainder of the brain is cut into 4 mm blocks, placed on aluminum plates, photographed and then the plate is placed onto dry ice to freeze the brain slabs. The occipital cortex from one hemisphere was provided to an investigator at the time of the necropsy and is therefore absent Fig. 2 After freezing, each block of tissue is placed into individual zippered bags for storage at -80°C for subsequent microdissection at a later time over onto its abdomen for harvesting of the brain. Following the removal of the brain, the animal was moved to a separate table and peripheral tissues were collected at the same time that brain micro-dissection and blocking was ongoing (Table 2) .
Results
Electrophysiology and voltammetry
This euthanasia procedure was initially designed to provide viable brain tissue appropriate for conducting electrophysiological and voltammetric recording experiments. For these techniques, the hippocampus, striatum (caudate and putamen), amygdala and lateral geniculate nucleus of the thalamus were microdissected immediately following perfusion of the brain. These micro-dissected brain regions were transported by the requesting investigators to their laboratories where the tissues were then processed for their respective assays within 30 min of the necropsy (Ariwodola et al. 2003; Budygin et al. 2003; Floyd et al. 2004; Alexander et al. 2006; Carden et al. 2006; Anderson et al. 2007) .
Slices containing amygdala were dissected from the anterior half of the temporal lobe of one hemisphere for the conduction of whole-cell GABA-gated currents measured on individual acutely isolated basolateral amygdala neurons using patch-clamp electrophysiology and local application of agonists and modulators (McCool et al. 2003; Floyd et al. 2004 ). The results of these studies suggest that macaque amygdala GABA A receptors collected in this manner can be effectively measured in individual isolated neurons and that these receptors retain at least some of their native pharmacological properties.
Brain slices from the posterior half of the temporal lobe containing the hippocampus were prepared for whole-cell patch clamp methods to determine whether activation of serotonin 5HT1A receptors would inhibit glutamatergic synaptic transmission in nonhuman primate brain in a similar fashion to what had been previously reported in rodents (Schmitz et al. 1995 (Schmitz et al. , 1998 Bouryi and Lewis 2003) . Application of the 5-HT1 A receptor agonist 8-OH DPAT significantly inhibited AMPA EPSCs. The decrease in AMPA EPSCs was also associated with an increase in pairedpulse ratio (50 ms inter-pulse interval) at these synapses consistent with a presynaptic mechanism of action (Ariwodola et al. 2003) . Fig. 3 This is a 4 mm coronal brain slab at the level of the globus pallidus. This image demonstrates that individual brain regions such as the caudate nucleus, putamen or hippocampus can be dissected either at the time of necropsy or after the slab has been frozen in order to retrieve specific regions of interest Electrically stimulated release and uptake of dopamine were evaluated in blocks of tissue containing the caudate and putamen using Fast Scan Cyclic Voltammetry (Budygin et al. 2003) . The rate and amount of release and the rate of uptake of dopamine were found to be similar to that observed in recordings from rat tissue. The caudate had greater release (peak height) and faster uptake (downward slope) of DA compared to the nucleus accumbens as expected (Letchworth et al. 2001) . Voltammetry recordings were stable for 10-14 h, which is similar to results in rats. This indicates that the tissues collected were viable and appropriate for these analytic methodologies.
Intracellular recordings were obtained from tissue blocks containing the lateral geniculate nucleus. Burst and tonic firing patterns of relay neurons within the lateral geniculate nucleus exhibited active membrane properties consistent with viable cells in monkey thalamic tissue slices. Carden et al. 2006) and are characteristic of T-type calcium currents recorded from thalamus of several mammalian species (Perez-Reyes 2003) . These results are consistent with previous recordings from various animal models and demonstrate that the necropsy method used provided viable tissue for these methodologies. In addition, tissues collected by this method have been used to evaluate electrophysiological responses to chronic ethanol self-administration and periods of sustained abstinence in the inferior olivary nucleus. The brain is known to adapt to chronic ethanol exposure by altering synaptic and ion-channel function to increase excitability, in part to offset alcohol-induced inhibition. The results of this study demonstrated bi-directional plasticity of pace-making currents in the inferior olive induced by chronic heavy drinking and periods of abstinence (Welsh et al. 2011 ).
Molecular methodologies using archived tissue
In addition to the brain regions that were utilized for recording assays, our initial tissue collection strategy entailed harvesting 30-35 cortical and subcortical structures that were then snap frozen and stored at -80 for later use (Table 1) . At the time of necropsy, microdissected tissue was either flash frozen in liquid nitrogen or submerged in RNAlater (Ambion) and stored at -80 or -20°C, respectively, until processed for RNA isolation. For example, the effects of chronic ethanol consumption on GABA A receptor subunit mRNA expression were examined in orbitofrontal anterior cingulate and dorsolateral prefrontal cortices as described in Hemby et al. (2006) . It was determined that RNA prepared from these tissues was routinely of sufficient quality for microarray analysis. Using a similar strategy, the effects of chronic ethanol self-administration on glutamate receptor ionotropic NMDA (GRIN), as well as GRIN1 splice variant mRNA expression was also studied in the same cortical regions (Acosta et al. 2010 ).
In vitro receptor autoradiography
At necropsy, the contralateral hemisphere was cut into three blocks (prefrontal, cortical and occipital) that were immediately flash frozen and stored at -80 for future histological and autoradiographic procedures. Select tissue blocks were subsequently processed for in vitro receptor autoradiographic and tissue homogenate assays to determine the impact of chronic EtOH self-administration on multiple neurotransmitter systems. Binding to cortical GABA A a1 and a4 receptors was determined in membrane preparations containing parietal and temporal lobes and a1 and a6 in preparations of cerebellar cortex using [ 3 H] Ro15-4513. GABA A and subunit densities were then assessed in cryostat cut 20 micron serial sections from the hippocampus of these same animals, which showed layer and field specific changes in total GABA A and a4 subunit binding (Sullivan et al. 2005) . The impact of chronic EtOH exposure on hippocampal serotonin transporter (SERT) binding was assessed in a different population of self-administering animals in a layer and field specific manner using in vitro receptor autoradiograpy. Serial sections collected at the same time were also successfully used for immunohistochemistry and for laser capture microdissection of specific hippocampal cell populations for receptor trafficking protein and mRNA analysis (Burnett et al. 2012 ). The tissue sections used for these studies were slide mounted cryostat cut sections and in one study were stored at -80°C for 4 years prior to processing for in vitro receptor autoradiography. This demonstrates the stability of the tissue for long periods when stored at -80°C under appropriate conditions.
Morphological studies
In addition to the neurobiological, functional and molecular studies described above, tissues from these animals were also used for morphological studies of dendritic branching and dendritic spine morphology using DiOLISTIC staining methods (Seabold et al. 2010) , which uses a gene gun to introduce fluorescent dyes into neurons in brain slices. In the putamen, Cuzon Carlson et al. (2011) reported a selective increase in dendritic spine density and enhanced glutamatergic transmission following chronic ethanol self-administration and periods of abstinence. These changes in morphology and physiology indicated a shift in excitatory/inhibitory balance that shifts the circuit towards an enduring increase in synaptic activation of output of the putamen as a result of chronic heavy drinking and relapse.
Peripheral tissues
In addition to CNS tissues, whole blood and other peripheral tissues are routinely harvested and archived at the time of necropsy (Table 2) for later use. For example, liver samples collected during perfusion were assayed for the presence of alcoholic liver disease (Ivester et al. 2007 ). Cardiac tissue was successfully harvested for the study of cardiac myocytes (Cheng et al. 2004 (Cheng et al. , 2010 . Bone marrow samples were used to evaluate the effect of chronic ethanol exposure on production and mobilization of endothelial progenitor cells (Williams et al. 2008) . Multiple other tissues were successfully harvested, many of which are currently being analyzed using a variety of genomic and biochemical assays. Taken together, these results demonstrate the global utility of this necropsy method.
Discussion
The primary goal of this study was to design a necropsy method that would optimize the viability of brain tissue that was collected for in vitro slice electrophysiology and voltammetry techniques. In order to preserve the integrity of the brain tissue, it was necessary to maintain cardiac and respiratory functions for as long as possible before extracting the brain. To accomplish this, we opted to conduct the craniotomy while the animal was maintained under a deep surgical plane of anesthesia followed by transcardial perfusion with cold ACSF in order to chill the brain and remove blood and other ischemic products. Previous studies have utilized a similar brain perfusion technique, but in those studies, the craniotomy is generally conducted following the perfusion, adding to the time frame in which the tissue is collected (St. John et al. 1997 ; but see González-Burgos et al. 2000) . Using our strategy, the brain was removed and the regions of interest were collected with a post mortem interval (PMI) of less than 5 min after the beginning of the perfusion. Other studies report an average extraction time of 13-14 min (St. John et al. 1997 ) as opposed to the typical PMI of up to 72 h in human postmortem studies (Sheedy et al. 2008) . Critically, the use of pre-mortem structural MRIs allowed us to cut the brain in precise locations to harvest specific brain regions with 100 % accuracy, further reducing the amount of time that elapsed between brain removal and providing specific brain regions for recording assays.
The method that we developed differs from previous reports (Buckmaster et al. 2004; Altemus et al. 2005) in which hippocampal slices were prepared by exposing the brain through a large craniotomy and applying cold ACSF to the left hemisphere prior to resecting the temporal lobe. In these studies a 1 cm tissue block containing the rostral half of the hippocampus was subsequently submerged in cold ACSF. As such, that strategy utilized an ''outside-in'' approach to chilling the tissue. That is, once the tissue was excised, it was quickly submerged in a cold buffer or ACSF solution and hence, cooled from the outside in. In contrast, our technique was designed to perfuse cold, oxygenated ACSF through the entire brain, chilling the brain in a more uniform manner from the ''inside-out'' while the animal was still alive. Once the brain was extracted, it was further chilled by briefly rinsing it in cold, oxygenated buffer. Using this method, the blood is displaced from the brain, removing potential ischemic byproducts and replaced with a cold buffer that contains the same constituents as ACSF. Depending on the assay utilized, the tissue obtained with this technique was found to remain viable up to 15 h after the necropsy . Voltammetry recordings were stable for 10-14 h which is similar to results in rats. Tissue samples from the 4 distinct brain regions (caudate nucleus, hippocampus, amygdala and lateral geniculate nucleus) that were provided to 4 different investigators yielded results that were characteristic for the experimental protocols that were utilized. This confirms that the monkey brain slices were viable and were not compromised by the necropsy and tissue dissection. This dissection protocol proved to be a valuable method for obtaining reproducible brain slices for neurochemical and neurophysiological analyses.
In addition to the brain regions that were collected and processed for recording purposes, multiple brain regions were microdissected and banked for subsequent analyses using genomic and proteomic techniques. A list of discrete brain regions that were microdissected using our initial strategy are listed in Table 1 . Importantly, some tissues were processed for RNA at the time of necropsy using RNAlater (Ambion) and stored at -20°C, while others were flashfrozen and stored at -80°C for up to 3-4 years before being processed for RNA. Regardless of when the RNA was isolated, all tissues were found to yield high quality RNA suitable for microarray analysis or other downstream applications. Indeed, recent RNA quality control assays determined that tissues that have been stored for 10 years continue to provide high quality RNA.
As would be expected, using our necropsy protocol, the postmortem interval for collection of these samples was markedly shorter than typical PMI in clinical studies, avoiding such potential confounds as altered pH which can affect RNA integrity. Autoradiographic analyses were also successfully conducted on both tissue sections that derived from the hemisphere opposite from the one that was microdissected as well as cortical tissue homogenates obtained at the end of the microdissection procedure (Sullivan et al. 2005; Burnett et al. 2012) . Taken together, these data suggest that the method of necropsy and the PMI were satisfactory for obtaining viable tissues for the conduct of multiple genomic and proteomic assays. The current strategy of cutting the brain into 4 mm slabs and storing those at -80°C now allows us to collect virtually any brain region since all regions are preserved within a 4 mm slab. This allows us to retrieve a particular slab of tissue containing specific brain regions once a discrete region is requested.
Our method also produced tissue samples from numerous other organ systems that were collected either immediately prior to the perfusion (CSF and blood), while the brain was being perfused (lung, liver) or immediately following the perfusion (see Table 2 ), while the brain was micro-dissected. These tissues were distributed to other investigators for use with their individual assays, and/or banked at -80°C for future use. Liver samples that were collected during the perfusion procedure for example, were processed for biochemical assays to assess liver function following chronic ethanol consumption (Ivester et al. 2007 ). Cardiac tissue that was harvested during the perfusion procedure was subsequently processed for the study of cardiac myocytes to determine the Beta 3 -adrenergic functional response to chronic ethanol self-administration (Cheng et al. 2004 (Cheng et al. , 2010 . Using this necropsy strategy, the effects of ethanol consumption on vasculogenesis in bone marrow has also been determined as described (Williams et al. 2008) . Additional tissues collected using this necropsy strategy are currently being analyzed to determine the functional consequences of chronic ethanol exposure on a variety of systems, including among others, blood, lung, pancreas and quadriceps muscle. This demonstrates the far-reaching capabilities of the tissue collection method that we implemented. Cell Tissue Bank (2014) 15:99-110 107 Multiple considerations must be observed in order to optimize the viability of tissues collected. The first consideration is the plane of anesthesia. If the level of anesthesia is too deep the animal can overdose, or at a minimum, respirations will become slow and labored, reducing oxygenation and placing undue stress on brain function and tissue viability. The ability to intubate the animals and provide oxygen during the procedure can provide an additional level of protection from possible ischemic events. A second consideration is the amount of blood that is collected prior to the perfusion. If too large a volume is collected immediately prior to the procedure, the subject can easily become hypovolemic thus reducing cerebral perfusion, which can impact the integrity of the harvested tissues. Additionally, the removal of large amounts of blood reduces the patency of the vessels, making it more difficult to insert an angiocatheter for anesthesia purposes. Therefore, we typically collected at least part of the required blood during the days before the necropsy procedure, with the remainder collected during the procedure. A third factor to consider is the temperature of the perfusion buffer. We utilized ice cold, oxygenated ACSF in order to maximize the viability of the tissue. Perfusion of ice cold ACSF through the system removes blood while chilling the brain. Once the brain is harvested from the skull, quickly rinsing it with ACSF and placing it in cold ACSF while micro dissecting regions also helps maintain viability of the tissue. The final consideration to obtain viable tissue that is optimal for recording purposes is to limit the amount of time and handling of the tissue between the initiation of the perfusion and microdissection of the desired regions of interest. Tissue that is not being actively microdissected is placed in cold ACSF to prevent exposure to room temperature conditions.
In conclusion, we have developed a method for extracting living brain tissue from nonhuman primates that is viable for conducting in vitro electrophysiological and voltammetric studies in brain slices as evidenced by our recent reports (Ariwodola et al. 2003; Budygin et al. 2003; Carden et al. 2006; Alexander et al. 2006 ). This method also produces fresh frozen tissue from which high quality mRNA can be extracted (Floyd et al. 2004; Walker et al. 2006) . One distinct advantage of our necropsy method is that the postmortem interval between death and tissue acquisition can be measured in minutes as compared to the sometimes hours to days that can elapse in human studies. The standardization and implementation of this necropsy method in rhesus, cynomolgus and vervet monkeys across multiple institutions formed the basis for the development of an R24 resource grant that now provides standardized tissues to alcohol researchers across the world. This resource was recently funded through NIAAA as the Monkey Alcohol Tissue Research Resource (MATRR) and is available at www.matrr.com. The MATRR resource has been an invaluable source of tissues and accompanying bioinformatics that has resulted in multiple manuscripts, data presentations, and most importantly, multiple collaborations that have resulted in numerous funding opportunities. Collaborative efforts between our groups and over 50 investigators across the United States has allowed us to leverage multiple approaches to address the impact of chronic ethanol exposure on both CNS and peripheral organ function, thus providing a much larger overall picture of the neurobiological and physiological consequences of alcohol abuse than can be achieved by individual efforts.
